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(54) PLASMA MONITOR DEVICE OF PLASMA TREATMENT APPARATUS 

(57)Abstract: 

PURPOSE: To correctly monitor a plasma state in a treatment chamber and a deposit 
deposition state on an inner wall of the treatment chamber from outside to correctly 
monitor change with time in treatment characteristics in plasma treatment by knowing 
a change on an inner face of a light window from a spectrum distribution obtained by 
receiving light in a spectrometer. 

CONSTITUTION: Reference light is vertically incident to a light window 4a from a 
reference light source 7 to be received by a spectrometer 9. An output signal 
containing a state of change on an inner face of light windows 4a, 4b is sent from the 
spectrometer 9 to a operator 20, and a spectrum distribution of the changed reference 
light is compared with a spectrum distribution of the reference light source 7. A wafer 
6 to be treated is put into a treatment chamber 3 to generate plasma 5, the plasma is 
made to pass through the light windows 4a, 4b by a plasma emitting path 12 and 
received by spectrometers 9, 10. If the spectrum distribution of plasma emission 
obtained by the spectrometer 9 is corrected based on a sum and difference of internal 
states of the light windows 4a, 4b, light window transmission characteristics from the 
plasma can be correctly detected. 
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1. This document has been translated by computer. So the translation may not reflect the original precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 It is important section outline drawing of longitudinal section of the 1st example of this invention. 
[Drawing 2] It is important section outline drawing of longitudinal section of the 2nd example of this invention. 
[Drawing 31 It is important section outline drawing of longitudinal section of the 3rd example of this invention. 
[Description of Notations] 

2 - microwave transparency aperture, 3 - processing room, 4 and 4a, and 4b- a lantern light, 5 - plasma, 6 ~ wafer, and 6 ~ 
1 - a mirror plane wafer, 7 — reference source, 9, 10 - spectroscope, and 13 — a sample base, 14 - half mirror, 15 - optical 
fiber, and 16 — a signal switcher, 17, 20 and 21, 22 - computing element, 18, and 19 — memory. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the plasma monitoring device of suitable plasma treatment equipment to 
carry out the monitor of the affix deposition situation of the plasma state of the processing interior of a room, and a processing 
indoor wall with high precision especially with respect to the processing room of plasma treatment equipment which 
manufactures a semiconductor device, without being influenced of a lantern light. 
[0002] 

[Description of the Prior Art] Highly precise micro processing is demanded with high integration of LSI. Although the engine 
performance of each processor of performing the processing is raised of course in order to perform highly precise processing, 
it is one side and it is important to maintain the engine performance of each processor to long duration stability, and not to 
take out a defect for a productivity drive. 

[0003] In each processor, a substrate installs in the processing interior of a room of the vacuum maintenance structure where 
of the raw gas for etching is introduced, and if it sees about the plasma-treatment equipment which carries out plasma etching 
of the front face of this substrate, a resist decomposes during etching processing and the organic substance is generated, and it 
adheres to a processing indoor wall, or the atom of the metal (molybdenum and tungsten) this [ whose ] is etched material will 
serve as film, will adhere to a processing indoor wall, and it will accumulate. If the affix accumulated in the these processing 
indoor wall touches the plasma, it will generate gas by an operation of the ion in the plasma, or the temperature rise of a 
processing indoor wall surface, and it changes the penetration condition to the processing room of microwave by adhesion of 
a metal membrane. The situation of etching processing is changed with time as a result, further, the O ring for vacuum **** of 
a processing room deteriorates with etching gas, and generates very small leak, and the plasma state is changed. 
[0004] Thus, if long duration continuous running of the etching system is carried out, aging of an etching property will occur 
and it will become the cause of generating of a poor product, and when the affix of a processing indoor wall becomes a certain 
thickness, it will separate, and it will fall and will exist as a foreign matter. It generated similarly with other plasma treatment 
equipments (for example, a CVD system, a sputtering system, etc.), and this phenomenon had become a failure when 
maintaining the engine performance of a processor to long duration stability, for this reason, the etching art which detects a 
specific spectrum out of plasma luminescence as that cure conventionally, carries out the monitor of the completion time of 
etching processing from that change on the strength, and presumes a processing property although it is necessary to monitor 
aging of these processing properties continuously and to predict a defect's generating in advance and the plasma - a spectrum 
— supervisory equipment ( for example, JP,56-25972,A, JP,56- 133466, A) is propose. 
[0005] 

[Problem(s) to be Solved by the Invention] In order to take out luminescence from the above-mentioned plasma from the 
processing interior of a room to the exterior, the aperture called a lantern light is required for the wall of a processing room, 
but since this lantern light is in contact with the plasma, the phenomenon in which various affixes are accumulated like the 
above-mentioned processing indoor wall, or a front face is deleted according to a spatter operation of the ion in the plasma 
accompanies. And this phenomenon advances gradually as aging also in a lantern light. In said conventional technique which 
takes out luminescence of the plasma to the exterior through this lantern light The phenomenon in which reflect irregularly 
and the quantity of light decreases is not avoided, that a specific wavelength component is absorbed by the affix accumulated 
in the lantern light ****-- or a lantern-light front face - it can delete - And since it is difficult to presume beforehand change 
of the spectrum distribution of plasma luminescence which considers these as a cause, it becomes difficult to detect the 
emission spectrum of the plasma correctly externally. For this reason, it had the trouble which cannot carry out the monitor of 
the affix deposition situation of the plasma state of the processing interior of a room, and a processing indoor wall correctly 
from the outside, and cannot carry out the monitor of the aging of the processing property in plasma treatment equipment 
correctly. 

[0006] Moreover, although the number of equipment is the troublesome activity which requires most time amount many, for 
example cleaning of an affix and inspection of a surface state which were accumulated in this lantern light are conducted by 
disassembling equipment periodically at about several times of a rate in one month Since it was carried out in the condition 
that the monitor of the situation or surface state of deposition cannot be carried out correctly, the stage was too early and it 
also had the trouble which is too late on the contrary and loses an activity and time amount. 

[0007] This invention aims at offering the plasma monitoring device in the plasma treatment equipment which can carry out 
the monitor of the affix deposition situation of the plasma state of the processing interior of a room, and a processing indoor 
wall correctly from the outside in view of the trouble of the above-mentioned conventional technique, without being 
influenced of a lantern light, and can carry out the monitor of the aging of the processing property in plasma treatment 
equipment correctly. 

[0008] " — 

[Means for Solving the Problem] The processing room in which the lantern light which this invention has vacuum 



purpose was prepared, It has a means to introduce raw gas into this processing room, and the iMfcaftwvHiWc^ 
generating maintenance of the plasma in this processing interior of a room. In the plasma monitoring device of the plasma 
treatment equipment which processes the wafer on a sample base by this plasma while carrying out the monitor of the 
generated plasma state The reference source in which an incidence halt is [ that spectrum distribution carries out incidence of 
the light which has a known continuous wavelength component to a lantern light from said processing outdoor ] possible, The 
spectroscope which stops the reference beam and this reference beam before plasma generating from this reference source, 
and receives the light from the plasma after plasma generating in order the processing outdoor which passed said lantern light, 
A detection means to detect the lantern-light transparency property of the light from the plasma which consists of an operation 
means which carries out the comparison operation of each spectrum distribution of said reference beam which received light 
to this spectroscope, and the light from the plasma is established. 

[0009] And the spectroscope which receives the reference beam before plasma generating which the lantern light was made to 
face said processing room, formed said detection means in it, and passed this each lantern light that carried out relativity, and 
the light from the plasma which passed one lantern light after plasma generating among said lantern lights which face 
processing outdoor, It is effective if it is made the configuration which prepares the spectroscope which receives the light 
from the plasma which passed the lantern light of another side processing outdoor. 

[0010] Moreover, the wafer on said sample base is constituted for said detection means exchangeable with a mirror plane 
wafer. Said lantern light is prepared in the location which faces a wafer or a mirror plane wafer, and a perpendicular. 
Incidence may be carried out at right angles to the mirror plane wafer on a sample base through the lantern light of this 
location, and you may make it the configuration which prepares the spectroscope which receives the reference beam before 
plasma generating which reflected from this mirror plane wafer and passed the lantern light, and the light from the plasma 
which passed said lantern light after plasma generating processing outdoor. 

[001 1] Furthermore, said detection means is formed in the location which faces a wafer and a perpendicular in said lantern 
light. Incidence of the reference beam is carried out from the wafer installation side of a non-laid wafer sample base to said 
lantern light through the optical fiber laid underground on said sample base. And it is also possible to make it the 
configuration which prepares the spectroscope which receives the reference beam before plasma generating which has the 
possible reference source of an incidence halt and passed said lantern light, and the light from the plasma which passed said 
lantern light after plasma generating processing outdoor. 
[0012] 

[Function] By having considered as the above-mentioned configuration, first before plasma generating under wafer 
conveyance etc. If spectrum distribution makes a reference beam light which has known, for example, a continuous 
wavelength component like the white light, from the exterior of a processing room, a lantern light is continuously introduced 
and passed to the processing interior of a room and a processing outdoor spectroscope is made to receive light The 
wavelength component of a proper is absorbed by the matter which constitutes these affixes according to extent of are 
recording of the film of the organic substance with which the reference beam which passed through the processing room 
through this lantern light has adhered to the inside of a lantern light, or a metal membrane, and a spectrum changes. How 
many which wavelength components were absorbed by spectrum change of this reference beam, or the magnitude of 
attenuation of specific wavelength etc. is detected by it, and a class, deposited thickness of the matter which constitutes said 
affix are presumed. And the output signal which included the change condition of a lantern-light inside from the spectroscope 
is sent to an operation means, the comparison operation of the spectrum distribution of the reference beam which this 
changed, and the spectrum distribution of said known reference source is carried out, and the inside condition of a lantern 
light is computed. 

[0013] If the incidence of a reference beam is stopped next, the actually processed wafer is conveyed to the processing 
ulterior of a room, the plasma is generated, a lantern light is passed and a said processing outdoor spectroscope is made to 
receive the luminescence When it can delete according to a spatter operation of the ion energy from the plasma to a 
lantern-light inside, ****** occurs and smoothness is lost, according to extent in which the smoothness is lost, the light from 
the plasma is reflected irregularly regardless of wavelength, and the quantity of light of the whole which passes a lantern light 
is decreased. Therefore, by detecting the decrement of the quantity of light after a predetermined period from the quantity of 
light in the condition that smoothness is not lost, a lantern-light inside can be deleted and extent of ****** can be known, 
thus, the thing for which the spectrum distribution received and acquired to said spectroscope is a thing including the 
information on the change condition of a lantern-light inside, and the output signal is sent to an operation means — a 
lantern-light inside - it can delete — etc. - it can ask for what kind of change extent exerts on the light which passes a lantern 
light from the plasma. 

[0014] Next, the output signal by the light from the plasma after plasma generating sent to the above-mentioned operation 
means and the output signal by the reference beam including the change of state of the lantern-light inside before said plasma 
generating calculate with this operation means, and the spectrum distribution of a reference beam is deducted from the 
spectrum distribution of the light from the plasma. Since this operation value becomes that in which the spectrum distribution 
of the light from the plasma does not include the change condition of a lantern-light inside, it becomes possible exact and to 
detect to arbitration, without the lantern-light transparency property of the light from the plasma being influenced by aging of 
a lantern light. Therefore, it becomes possible to carry out the monitor of the affix deposition situation of the plasma state of 
the processing interior of a room, and a processing indoor wall correctly from the outside, and to carry out the monitor of the 
aging of the processing property in plasma treatment equipment correctly. 
[0015] 

[Example] Hereafter, the example of this invention is explained with reference to drawing 1 thru/or drawing 3 . Drawing 1 is 
important section outline drawing of longitudinal section of the 2nd example and drawing 3 of important section outline 
drawing of longitudinal section of the 1st example and drawing 2 ] important section outline drawings of longitudinal section 
of the 3rd example. 

[0016] The waveguide which introduces into the processing room 3 the microwave oscillated in drawing 1 from the 



magnetron which 1 does not illustrate, The microwave transparency aperture by which 2 
of a waveguide 1 and the processing room 3, The raw gas the flow of [ raw gas ] was controlled through the 
quantity-of-gas-flow regulator which evacuation is carried out through exhaust pipe 3a by the evacuation system which is not 
illustrated, and holds the vacuum, and is not illustrated is introduced into the processing room 3, and the processing room 3 is 
held at the predetermined pressure. 4a and 4b are the lantern lights for taking out luminescence from the plasma to the exterior 
for the purpose of the spectral analysis of the plasma, are made to face the wall of the processing room 3, and are prepared. 
The plasma which generated 5 by microwave at the processing room 3 of a high vacuum field, the wafer with which 6 was 
laid on the sample base 13, and _7 are the reference sources to which spectrum distribution can irradiate the light which has 
known, for example, a continuous wavelength component like the white li^ht. It is installed in the exterior of the processing 
room 3, and it is conSTituled IRTfhatTK^^ path 1 1 which carried out incidence of the reference beam at 

right angles to lantern-light 4a, and carried out incidence through the reflecting mirror 8 may be taken out outside through 
lantern-light 4b which passes through the inside of the processing room 3, and faces. The spectroscope which receives the 
reference beam from which 9 was taken out through lantern-light 4b outside, and 10 are spectroscopes which receive light in 
the exterior which passed lantern-light 4a by the plasma luminescence optical path 12 which shows luminescence of the 
plasma 5 generated where a reference source 7 is stopped in drawing. In this case, luminescence of the plasma 5 which made 
it generate where a reference source 7 is stopped is received also like a spectroscope 9, after passing lantern-light 4b by the 
plasma luminescence optical path 12. 16 is a signal switcher which inputs the signal of each spectrum distribution of the 
output signal from a spectroscope 9, i.e., the reference beam which received light, and the light from the plasma 5, and 
changes and outputs it to each computing elements 17, 20, and 22 according to the inputted signal. To a computing element 
17, the output signal from a spectroscope 10 is also inputted into a signal and coincidence from a spectroscope 9, the 
difference of both spectrum distr ibution calc ulates, and it is inputted into memory 18 here. The computing element with which 
IhTcomputlng element with which 20 calculates the difference of the known^pectrum distribution of a reference source 7 and 
the spectrum distribution of the reference beam from said spectroscope 9, and 19 carry out memory of a computing element 
20, and 21 carries out the comparison operation of the operation value of computing elements 17 and 20, and 22 are 
computing elements which amend the spectrum distribution of plasma luminescence obtained with said spectroscope 9 based 
on the operation value of a computing element 21. 

[0017] In the above-mentioned configuration, processing of membrane formation of the wafer 6 laid on the sample base 13, 
etching, etc. introduces microwave in the direction of an illustration arrow head to the processing room 3 through a waveguide 
1 and the microwave transparency aperture 2, and is performed by generating the plasma 5 for processing a wafer 6 in the 
processing room 3. 

[0018] Incidence is carried out to a lifetime at right angles to lantern-light 4a by making into a reference beam light in which 
spectrum distribution has known, for example, a continuous wavelength component like the white light, from a reference 
source 7, and lantern-light 4b is continuously introduced and passed to it in the processing room 3, and it is made to receive 
light to the spectroscope 9 outside the processing room 3 the plasma of five shots under wafer 6 conveyance etc. first in 
processing of a wafer 6. The wavelength component of a proper is absorbed by the matter which constitutes these affixes 
according to extent of are recording of the film of the organic substance adhering to the inside of lantern lights 4a and 4b, or a 
metal membrane, and the reference beam which passed through the processing room 3 through these lantern lights 4a and 4b 
changes compared with the spectrum of the reference beam in the reference source 7 which does not pass lantern lights 4a and 
4b. That is, the difference in this spectrum distribution supported the change of state of the inside of lantern lights 4a and 4b, 
and how many which wavelength components were absorbed by spectrum change of this reference beam, or the magnitude of 
attenuation of specific wavelength etc. is detected, and a class, deposited thickness of the matter which constitutes said affix 
are presumed. And the comparison operation of the difference of the spectrum distribution of a reference beam and the 
spectrum distribution of said known reference source 7 by which the output signal including the change condition of the 
aperture inside of two sheets of lantern lights 4a and 4b sent and this changed from the spectroscope 9 to the computing 
element 20 through the signal switcher 16 is carried out, and the result is inputted into memory 19. 

[0019] Next the incidence of a reference beam is stopped, the actually processed wafer 6 is conveyed in the processing room 
3, the plasma 5 is generated, lantern lights 4a and 4b are passed by the same plasma luminescence optical path 12, and the 
spectroscopes 9 and 10 outside said processing room 3 are made to receive the luminescence. The difference of the spectrum 
distribution acquired with spectroscopes 9 and 10 supports the difference in the inside condition of lantern lights 4a and 4b. 
When it can delete according to a spatter operation of the ion energy from the plasma 5 to lantern-light 4a and 4b inside, 
****** occurs and smoothness is lost According to extent in which the smoothness is lost, the light from the plasma 5 is 
reflected irregularly regardless of wavelength, and the quantity of light of the whole which passes lantern lights 4a and 4b is 
decreased. Therefore, by detecting the decrement of the quantity of light after a predetermined period from the quantity of 
light in the condition that smoothness is not lost, lantern-light 4a and 4b inside can be deleted, and extent of ****** can be 
known. The signal of the spectrum distribution from a spectroscope 9 is put into a comr^tmg^^ the signal from 

a spectroscope 13 through the signal switcher 16, and this difference is memorized in memory !87Even I? it inputs into a 
computing element 21 the sum and the difference of an inside condition of lantern lights 4a and 4b which were acquired 
above and inside conditions differ for every information on lantern-light 4a and the inside condition of 4b each, i.e., an 
aperture, it can know what kind of change will be exerted on the light which passes lantern lights 4a or 4b. 
[0020] If a computing element 22 amends the spectrum distribution of plasma luminescence obtained with the spectroscope 9 
based on the information on above-mentioned lantern-light 4a and the inside condition of 4b each Since the spectrum 
distribution of the light from the plasma 5 becomes what does not include the change condition of lantern-light 4a and 4b 
inside, It can ask for the emission spectrum of the plasma 5, without being influenced of lantern lights 4a and 4b, and ii 
becomes possible exact and to detect to arbitration, without the lantern-light transparency property of the light from the 
plasma 5 being influenced by aging of lantern lights 4a and 4b. Therefore, it becomes possible to carry out the monitor of the 
affix deposition situation of the plasma state in the processing room 3, and the wall of the processing room 3 correctly from 
the outside, and to carry out the monitor of the aging of the processing property in plasma treatment equipment correctly. 



[0021] In addition, when the axial symmetry nature of the plasma 5 is good and is considered ttatWh^^opcxs^ 
lantern lights 4a and 4b is almost the same in this example, the inside condition of lantern lights 4a and 4b can be computed 
by making the contents of memory 19 into one half, and the contents of memory 17 become unnecessary at this time. 
[0022] Below, drawing 2 explains the 2nd example of this invention. The thing of drawing 1 and a same sign shows the same 
thing among drawing. In drawing, 4 is the lantern light prepared for the same purpose as said 1st example, and is prepared in 
the location (it sets to this example and is a waveguide 1) which faces the field and perpendicular of a wafer 6 only one place. 
14 is the half mirror currently installed between the reference source 7 and the lantern light 4, and introduces the reference 
beam from a reference source 7 at right angles to the 6th page of a wafer through a lantern light 4. 

[0023] In this example, in case the wafer 6 on the sample base 13 is processed, mirror plane wafer 6' is conveyed at intervals 
of [ fixed ] the rate of one sheet etc. to 25 processing wafers at the processing room 3, and both the wafers 6 and 6' are 
constituted exchangeable. The total reflection light of the reference beam from the reference source 7 by which incidence was 
carried out at right angles to a mirror plane wafer 6'side is taken out outside through a lantern light 4 by the reference beam 
optical path 1 1 and this optical path at the time of incidence, and is reflected with a half mirror 14, and light is received with a 
spectroscope 9. The reflected light spectrum of a reference beam is put into a computing element 20 through the signal 
switcher 16 in the condition that there is almost no plasma also in this case, the one half of a difference with the spectrum 
distribution which does not pass the lantern light 4 of a reference source 7 is computed, and it memorizes in memory 19. This 
shows the effect of a lantern light 4 like said 1st example, and it becomes possible to detect the change of state of lantern-light 
4 inside with time. The one half of the difference of said spectrum distribution is computed here for luminescence of the 
plasma 5 to which the reference beam which incidence was carried out to the mirror plane wafer 6'side, reflected in it in 
respect of this, and was received by the spectroscope 9 mentions a lantern light 4 later compared with passing twice passing a 
lantern light 4 only once. 

[0024] Next, a reference beam is conveyed by the stop, the actually processed wafer 6 is conveyed on a sample base, and it 
processes by generating the plasma 5. Luminescence of the plasma 5 at this time is received with a spectroscope 9 through a 
half mirror 14. In this case, since the spectrum distribution acquired is a thing including the effect of a lantern light 4, if the 
value of the spectrum distribution which shows the effect of the lantern light 4 which computed using mirror plane wafer 6' 
and a reference beam previously, and was inputted into memory 19 is deducted with a computing element 22, the lantern-light 
transparency property of the light from the plasma can be detected correctly, without being influenced of a lantern light 4. 
Therefore, it becomes possible to carry out the monitor of the affix deposition situation of the plasma state in the processing 
room 3, and the wall of the processing room 3 correctly from the outside, and to carry out the monitor of the aging of the 
processing property in plasma treatment equipment correctly like said 1st example. 

[0025] Below, drawing 3 explains the 3rd example of this invention. The thing of drawing 1 , drawing 2 , and a same sign 
shows the same thing among drawing. In drawing, the optical fiber with which 15 was laid under the sample base 13, and 15a 
are the tips of an optical fiber 15, and the location is the wafer 6 installation side of the sample base 13. In this example, only 
one place is prepared in the waveguide 1 so that it may become the location which faces the field and perpendicular of a wafer 
6 like said 2nd example. 

[0026] The reference beam from a reference source 7 is irradiated towards a lantern light 4 through an optical fiber 15 in the 
state of un-laying a wafer 6 in a condition [ without the plasma ] 13, i.e., sample base, top from tip 15a (location of an inferior 
surface of tongue of a wafer 6). A reference beam is taken out outside through a lantern light 4, and is received by the 
spectroscope 9 through a reflecting mirror 8. And like said 2nd example, it is put into the received reference beam by the 
computing element 20 through the signal switcher 16, it has a difference with the spectrum distribution which does not pass 
the lantern light 4 of a reference source 7 computed, and is memorized by memory 19. This shows the effect of a lantern light 
4 like said 1st and 2nd example, and it becomes possible to detect the change of state of lantern-light 4 inside with time. 
[0027] Next, a reference beam is conveyed by the stop, the actually processed wafer 6 is conveyed on the sample base 13, and 
it processes by generating the plasma 5. Luminescence of the plasma 5 at this time is received with a spectroscope 9 through a 
reflecting mirror 8. In this case, since the spectrum distribution acquired is a thing including the effect of a lantern light 4, if 
the value of the spectrum distribution which shows the effect of the lantern light 4 which computed using the reference beam 
previously and was inputted into memory 19 is deducted with a computing element 22, the lantern-light transparency property 
of the light from the plasma can be detected correctly, without being influenced of a lantern light 4. Therefore, it becomes 
possible to carry out the monitor of the affix deposition situation of the plasma state in the processing room 3, and the wall of 
the processing room 3 correctly from the outside, and to carry out the monitor of the aging of the processing property in 
plasma treatment equipment correctly like said 1st and 2nd example. In addition, during wafer 6 processing, in order to 
become the form where optical fiber tip 15a was covered with the wafer 6 and not to touch the plasma 5, even if it repeats 
processing, a foreign matter does not adhere to optical fiber tip 15a, or **** does not arise. 

[0028] In addition, although this example explained the microwave discharge plasma, it cannot be restricted to this and can be 

applied similarly [ in the case of the high-frequency-discharge plasma or the direct-current-discharge plasma ]. 

[0029] 

[Effect of the Invention] The effectiveness which this invention can carry out the monitor of the affix deposition situation of 
the plasma state of the processing interior of a room and a processing indoor wall correctly from the outside, without being 
influenced of a lantern light as explained above, and can carry out the monitor of the aging of the processing property in 
plasma treatment equipment correctly is done so. 



[Translation done.] 
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sent from the spectrometer 9 to a operator 20, and a spectrum distribution of 
the changed reference light is compared with a spectrum distribution of the 
reference light source 7. A wafer 6 to be treated is put into a treatment 
chamber 3 to generate plasma 5, the plasma is made to pass through the light 
windows 4a, 4b by a plasma emitting path 12 and received by spectrometers 9, 
10. If the spectrum distribution of plasma emission obtained by the 
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mm-irkmetotttni&tifflxmt. wmmt mmKmmiryx^^i-yytiryx^nmm 
m^nT7X^mimcmwt&£vwmffi. : $:¥?± io gtowc***:. ^i-yy^mMzwjxv^m 

iz%jtLfzmmm^£VT7X~?frt,cr > %<7)%.A'<. /xf» wji^*%a^«tKt^o-rft*L3to 

9 h/isfttt%)m®n?m%.±&bfrL>%z>77X-? txmm-h. zti^mm^m^wmttinmni. 

z\ t zmkkt&Tyxv&mmoTyx^-tm nmso&gjjuzi o^a^^l^o . &m 

mmk2 ] msim&m>\ m§ummzmm*n zwz o ix. &m£*»/?>7>m<7m.Mt:wm 

ttZitxwui. mentti^mm.^m&LtzTyX'? t^s-it . *s^««^t*>fctf>ooyy 

a^l-tCTS3t-n.^H^t. flWcoi&BgfriffiSW: [00 04] COJ^fc:. Xyf-y^S^ftlBfia^ 
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-mm.. «u fcs^t^i. t mwtmhxmtot Lxtttz, 

im$®3 1 stHftas^aa^ mmmts±.wji'\£ £ fct^s. i-wagsui. ffior^xvayiigg (mi 

mwyxjstsmmtzts&L. mmm.^^t a. cvvm^x^mm) ?<>pwic*feu 

Mimmvx'\tmmzmm-z>tm£mi. mmo mmmco&&$:mm£feizmf-t&±x'fmt%'> 

&m.&ftLxu®iz±jmMvxj^zmmiz*ML. -axt. z.<ot:#>. zix^crmmmm^/tzim 
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Ktti-hmmffiitLxwmftizmAU -m* 
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iZfH tXTyX-?frt>ff>%t:)!Lmz*m&lzmMt t . 

^ffigwkfrtix u^r c *m<nmj)*hwmm?m 
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<Mmz$A,m(Mz%'>xi5 t ) , •e^su^m^M* 
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3ft*m&Lxmm-mm.4b$m!i$iKBi<)m 

Ztl&Xolzffi&ZitX^h. 9ttSBBS4b£gT* 30 

miz^&Tyx-vmsmi 2t%%M4 a^aa 

ZtttWX'&fctZ>ftmX'f>Z>. Z\Wk£. #M3fe 
«7 £W±LtzVffiX'mi2tt7'7X-? 5(rmtii. 

T7Xvmzmi2X'&i(&4bm&Zitizik. # 

coftoS-X'^ h ;Htffco<I^£ A# L . AiJ Lfcffi-^ 
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&m*&}mx'i>&. zzxmf&ntza. 
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*u W^<r>x^ Y)\^m<r>&m%^ixx^) 1 8 
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m--?&m$s. 1 9ii£g&2 owty. 2um 
m*i 7&xv : 2owmn®£imfm-tz>mm!s. 2 

4. 50 



$5^5-259250 

6 
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&£j£#£3rt63fc£»fci: LT&3K&4 alcSiSlc 
AM LTJWi^ 3 rtC^A L . -^t ^T«3t^4 b £ ii 
SLT8M3*kO#3fcS§9{;:g3fc£-t*-S. i?>83fc5g 

4a, 4bzitLxmm3r&&Lizmmi. m% 

m a, 4bOrtffit#«LT^5^8!B}«0lS J ?^RlS 

T&iK^mftmizm&mmcox^? v/uzitK 

3t5g4 a . 4 b<0Wfflc0*tli^tfcJtl5t'Cfc 0 . I« 

SJ?S&fc'#«5g2;h.6. *LT. 4^9 

4a, 4b <0 2ft^rtffi0^ft«l[lr^^ai*fi^ 

^Mv^gffl 6£gTSd¥3S2 OCSfefl, t^fl:L 

tzgmjtcox^? hfrfti&t mmmgrnMinx 

1 9(cA^$iiS. 
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tJ-S >>xy n 6 J5aa^ 3 rtfcffii* LXX ; yX^5i:m. 

^OfytSrH-WX^XvlBBKKl 2TS3K^ 
4a. 4b*ffl£ZltXm^m3ft<r>ft%%9iSX 
VI 0tS3t$*S. »*S9 . 1 OXfttzXl? 
*fli<^)iaiS3lSg4a, 4b«rtffi«ffi<oav^Jt>6L 
Xi5*). «3KS§4a, 4brtffifcr7X"75A^^^ 

SgJStC tx T^Xv 5 frhnft* &*tciffl3«tca 
KStU ««g4 a , 4 b -&jffii-rS^ft:c03tfi2:«^ 

*s&4 a , 4 b rtffiWfiitfi^fz.<7)SgiSrtt6 CI t 

asi 6&^-c^si 3fri>m^tmzmn.m rnz 

Aft. roH^^tU 18tlB^LTtJ<. J3lte#£ 

s*5g4 a . 4 bmrnmrna i.vmmm2 1 

tA*L. «3K!g4a. 4 bffl*<7)«K©<7)tiffS. ~t 
[0020] ±S«3tS4 a . 4 b««<0rtffittffi*)ffi 
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[0021] *m&mt l Z}5^XTjX'?5<7)$m 
frttAU < . &%J64 a 1 4 bc0rtffitt®* J JJ{3r|i? t b 

t -mm.4 a , 4 b (7)rtBa*t®*majx-^ . z <n t § 

[0022] ort. 4M^2(^likH^B2 K ± 

f . Hfcfcv^T. 4<iauH35 1 cvmmtm -oawe 

*lT»&. 1 4tt#B&fi£7 fci&£&4 fc<0|g(C^S£ 
*lT^Sv\-7 5^-T. #«S6»736»^><0#ag3fc?:S 

[0023] *3lfft0IC£lvai v 1 3±co*>x 

w^&o-gmsxigmv 1A6 - £*wig3fc:jsM 

U H?xs\6. 6 - MaiWWclKLTV**. £SS 
»>x>'\6 "HtSKfcA»$il^^a3Ka?7*^cO#^ 30 
3foD£K»3fc£. Mmmmxmi 1 fcHJWCS 

9R»S*»*89'Cg3fc*-4. £0^i>, £-fX5 

2£ 1 6 £&Tffi£82 OfcWu «!3%£70&%£4 

u 1 9 izmmth . auxmssi 1 wsi^fc mum 

lz7JtiZmmizxmtlXft%%89<,z%ytZtiX:m& 
5Xv 5<92&3fc&<S3Bg4£ l@L*«SL^>tftt 
[0024] i%lzm%Z±lt>. ISHfciHyi-f 5«7x 
ffO. Z<Dt%-CDTyX-?5ff>%3t£/\-y $7-1 4 

<ox\ wzssm*? *>\6 ' tmrnzm^xmnLx* 50 
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[0025] o«ffc % *^BB^3(^i|l?ll^@3{Cj; 
DSWtS.. a*. HI. @2£PJ&f«>t>«>ttHt<> 
co^-r. Hfctilrvc. 15<i|£f}£13t;:ffiS$fut 
3fc7r-f>»\\ 15a(ift:7r>fAl5?>5fc3ET\ *cD{J 

fuf^2<A5IM0ifc Pistil «7xy\6coffitSitttiajkt 
-t&fiSfc&S i 5 fcSSPi 1 1 1 flBftfftatt&fiT 

[0026] r5Xv<0iBrV|flB» o4 1 3± 

ifiJtyyJ a'i 5£in/C*<05ftgl 5 a (^x^co 

TflnfflSfxaLi:) *^S3is§4tiPi(fCBgit$ns. # 
!S*{im s g4^gTj'ha!ic]i5ioaj?^. rajtMs^n- 

LT#3fe3ff 9 £5*3*1.6. ^LTlM2cO|lteWi: 

«20fcAtttil. #fg)i«70&X£4&S&L>S:ti 
X^ Wl/^tiOHSrSaiS^r^^'J 1 9fcE«$ 
aittlgaSl, m2«H*S0|i:H«fc:R3ieg4 

[0027] -?|ffc#!H«*jh» % i^tcMs-rs^x 
^6£iEft&13_Lt::aK*U X5Xv55:f£±$^-S!i 
S^ffd. £c0t^OT5Xv5<0lBt^ltM8£g 
TTMtS 9 T&tt h . £c7)^-(2#^ilS h/P 
7>W±. «5BK4«)l!«Pt*>Wffctf!)t*oTV^tf5 
■C. ^m&tm^XntiiL^^ >J 1 9fcA*Lfc« 
3KS4<0»»^^-X^^ Mk» : «(0fi$8ISS2 2fc 
«t9HL?Uttf. S3t^4<0l^^S(tSC:t^<X7 
Xv*»^tf53fe?«Uieg®»lttt^ jEHfcttUJTS £ t * { 

•c*&. K^xmmi . w,2<rymmtmmz. mm 
S3 fotr>7"yxwmti £vwmm3<7)ftm(r>nwm 
fflffi&to&fr^jmtz^-fi,. rvxv&msttz. 
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